Acute chest syndrome (AcS) is a major complication of sickle cell anaemia (ScA) and a leading cause for hospital admissions and death. We aimed to study the spectrum of clinical and laboratory features of AcS and to assess the predisposing factors and predictors of severity. A retrospective case-control cohort was studied by retrieving patient information from electronic medical records after ethical approval. One hundred adolescents and adults with SCA and hospital admissions for ACS were identified through the discharge summaries, along with 20 additional patients presenting with VOC, but without ACS (controls). Among the patients with ACS, fever (>38.5 °C), reduced oxygen saturation (<95) and asplenia significantly differed when compared to those of controls (p < 0.05, chi-squared test). The degree of severity was reflected in the use of non-invasive ventilation (NIV), simple and exchange transfusions, and the presence of bilateral pleural effusions and multi-lobar atelectasis/consolidation, which were significantly higher in the cases with ACS than in the controls. Lower haemoglobin (Hb) and high WBC counts were also significantly different between the two groups (p < 0.05, Student's t test). Using logistic regression, our study further demonstrated that asplenia, fever, and reduced O 2 saturation, along with low Hb and leukocytosis, were important predictors for the development of ACS.
in a more robust randomized study design, demonstrated a 71% specificity with 73% sensitivity, although the positive predictive value of sPLA2 was only 24% 12 . Unfortunately, the test is not yet available commercially. Therefore, the aim of this study was to evaluate the clinical and laboratory features of patients with ACS compared to patients with simple VOC and to assess the risk factors predisposing the development of ACS and potential predictors of its severity.
Materials and Methods
This is a single institution case-control cohort study of SCA patients, who were admitted with ACS between July 2009 and June 2017 at our institution. A protocol was submitted to the Medical Research and Ethics Committee (MREC) to collect relevant details of consecutive cases from the medical records of patients who were admitted for ACS. All patients were Omani Arabs, above 15 years of age, with SCA (HbSS and HbSβ°), whereas other SCD subtypes, such as SD, SC, and SE, were excluded. Ninety-two SCA patients (100 episodes) were identified through the discharge summaries as having had ACS, and 20 SCA patients with simple VOC (20 episodes) who did not have ACS were used as the controls during the same time frame. The controls had an acute episode of severe pain in spite of the administration of analgesic medication and needed admission without any respiratory symptoms. These controls were selected consecutively in a 1:5 proportion during the same time frame as the enrolment of cases. Acute chest syndrome was defined as patients presenting with fever and/or respiratory symptoms, accompanied by new infiltrates on the chest radiograph. All methods were carried out in accordance with relevant local guidelines and regulations. The MREC approval (MREC #1333) was for a retrospective data collection and analysis; hence, individual patient consent was not required/mandated by the MREC.
The study evaluated clinical and laboratory parameters, including the vital signs such as heart rate, blood pressure, respiratory rate and pulse oximetry O 2 saturation, for both groups of patients throughout the whole period of admission. Other clinical parameters that were studied included fever, chest/back pain, cough, wheezing, crepitation and use of non-invasive ventilation (NIV). The laboratory parameters included Hb, HbF, reticulocyte count, WBC count, platelet count, serum LDH, AST, ALT, serum bilirubin, serum creatinine, and CRP. Blood culture studies and the use of hydroxyurea (HU) and simple and exchange transfusion were also recorded. Radiological investigations recorded findings using chest X-rays, abdominal ultrasounds and chest CT scans.
Statistical analysis. The Statistical Package for Social Science (IBM SPSS, USA ver.23) was used to analyse the collected data. Normally distributed data were characterized as means with standard deviations, whereas data that were skewed [i.e., not normally distributed] were characterized as medians with interquartile ranges (IQRs) for continuous variables and as percentages and frequencies for categorical variables. The chi-squared test was used to study the statistical significance of qualitative variables, whereas Student's t test was used to study the differences in the quantitative parameters between the cases and controls. Logistic regression with odds ratios and 95% confidence intervals (CIs) was performed to ascertain the effectiveness of the predictors of ACS. A p-value < 0.05 was considered statistically significant.
Results
Although there was a similar frequency of males in the cases and controls, males tended to suffer from ACS at an earlier median age than females (27 years compared to 31 years in females), but this was not statistically significant. History of previous ACS and hydroxyurea therapy was also similar between the two groups (Table 1) .
Fever, crepitation and reduced O 2 saturation by pulse oximetry were significantly abnormal in the cases with ACS (p < 0.05, chi-squared test). This was also reflected in the significantly higher odds ratios in the cases compared to the controls (p < 0.05). Radiologically, abdominal ultrasound demonstrated a significantly higher degree of asplenia in the cases than in the controls (p < 0.05, chi-squared test). Pleural effusions, positive chest X-rays and CT scans of the chest as well as multilobar atelectasis were significantly greater in the cases than in the control (p < 0.05, chi-squared test).
Complete blood counts showed that Hb nadirs and maximal WBC counts showed a statistically significant difference between the two groups (p < 0.05, Student's t test) with logistic regression analysis also confirming the significance ( Table 2 ). HbF levels did not show any significant differences between the cases and controls. Furthermore, among the biochemical parameters, although serum CRP, serum total bilirubin, and serum LDH levels were elevated, they did not reach statistical significance ( Table 1) .
The blood cultures were positive in 4% of the cases compared to none in the controls. Furthermore, the use of NIV was reported in 16.3% of the cases compared to none in the controls.
Sixty-three percent of patients in the case group received simple blood transfusions compared to 20% in the control group, whereas exchange transfusions were given in 66.3% of ACS patients compared to 10% of the controls (p < 0.05, chi-squared test). The transfusions were based on the clinical evaluations and therapeutic decisions of the treating physicians. Only one death was recorded in the ACS patients compared to none in the control group.
Discussion
SCA is the most prevalent hereditary haemoglobin disorder in Oman 5, 6, 12, 13 . Furthermore, ACS is the leading cause of death among patients with SCA 7-9 . It is characterized by acute onset of chest pain, associated with tachypnea, fever, reduced oxygen saturation, dyspnea, cough, elevated WBC counts and not infrequently, with a decreased Hb level and new infiltrates on chest X-ray. Many patients with SCA are admitted with VOCs and progress to develop symptoms and signs of ACS 12 , as was observed in this study.
Our aim was to study the risk factors that lead to the development of ACS, as determining the risk factors will help in identifying patients at risk early, thereby directing special attention towards them to prevent adverse outcomes. We observed that patients were more likely to develop ACS if they were older and female compared to the control cohort admitted with a typical VOC. ACS is more common in children, but our study only included adolescents and adult patients. It is interesting that the median age of the study group was older than that of the control group, although not statistically significant. A previous history of ACS is a known potential risk factor, and it was seen in 58.7% of the ACS group; the mortality in this group was notably low (1.1%).
It is also known that males are at an increased risk for VOC compared to females [14] [15] [16] . Our study showed findings similar to these previously reported observations that ACS was more common among men than women. However, the reason for this observation is not clear. Gladwin MT et al. 16 reported slightly higher HbF levels in females compared to male SCA patients and concluded that this could be protective, forming the basis for gender differences in nitric oxide bioavailability. Ikuta T et al. 17 have shown that nitric oxide is linked to transcriptional control of HbF and may explain the link between the two, i.e., the increased prevalence of ACS in males. They believe that oestrogen facilitates nitric oxide production and limits its consumption. We were not able to test this hypothesis as the use of hydroxyurea therapy was seen equally in both cases and controls and would be a confounding bias affecting the association between drug exposure and outcome. Asthma is known to increase ACS, especially in children, and increase the risk of recurrence 18, 19 ; however, none of our ACS patients gave any previous history of childhood asthma. Furthermore, although wheezing was higher in the ACS group than in the control group, it did not reach statistical significance, and a larger sample may be necessary to see any correlation 19 .
Vichinsky EP et al. reported that many patients develop ACS following admissions with VOCs 9 . In this study, although many patients presented with features of ACS, some patients presented initially with back/chest pain, and these individuals were found to be more prevalent amongst those who progressed to ACS than among the controls in this study. However, this result did not reach statistical significance. Nevertheless, fever, hypoxia, and abnormal lung findings on clinical examination at admission are significant predictors for evolving to full blown ACS 9 . These findings also reemphasize the observations made in other studies, including the corporative study on SCA and others 20, 21 . Table 2 . Logistic regression analysis with odds ratios for the demographical, clinical & laboratory parameters of SCA patients with ACS and without ACS. Key: HU-hydroxyurea, ACS-acute chest syndrome, Hb-Haemoglobin, WBC-white blood cell count, NIV-non-invasive ventilation, LDH-lactic dehydrogenase, CRP-C-reactive protein, AST-aspartate transaminase, ALT-alanine transaminase.
As reported previously 20,21 , a higher WBC count at baseline predicted a higher risk of ACS and was also seen in our study. Furthermore, these patients demonstrated a further rise in WBC count associated with a considerable drop in haemoglobin from baseline and with significantly higher platelet counts, as these patients more frequently progressed to ACS when compared to VOC patients in the control group. The reasons for the association between a high leukocyte count and ACS incidence are not clear, but may relate to the underlying inflammatory process. Castro O et al. 20 reported that higher leukocyte counts correlated with higher mortality rates. Therefore, the association of leukocytosis with ACS incidence could reflect the fact that both high WBC counts and high ACS rates are more frequently seen in patients with severe SCD 20 . The rise in serum CRP and the drop in Hb levels may signify increased haemolysis, sequestration in the lung or possibly sepsis. Furthermore, although the baseline HbF was relatively high in both groups, it did not seem to exert any protective effect on this group of patients, contrary to results from previous studies 20 .
Our study demonstrated significantly high serum LDH in ACS patients on the day of admission. This was also observed in the CSSCD and the French study on ACS in adults with SCA 20, 22 . Furthermore, there was a trend towards significance with rising serum LDH max and serum bilirubin, which had p values of 0.09 and 0.05, respectively. This is consistent with the degree of haemolysis and underlying tissue necrosis, including bone marrow infarction, observed in these cases. Other biochemical parameters, such as serum AST and ALT, did not show any statistical significance in patients who had ACS.
There was a significantly higher prevalence of asplenia in the ACS group (55.4%) compared to the control group (15%). In view of the fact that HbF was similar in both groups, this is a significant observation. Furthermore, these asplenic patients are at an increased risk of sepsis and thrombosis, which may explain the elevated WBC counts and serum CRP in the ACS group. Although only 4% of the ACS group showed culture-proven bacterial infection, all of our patients received empiric broad-spectrum antibiotics. Infection is a major cause of morbidity and mortality in patients with SCA 9, 19, 21 . Our data are also consistent with a previous prospective study suggesting that bacterial pneumonia is not frequent in adult episodes of ACS 22 . Furthermore, in the CSSCD study from the USA, only a few bacteria were detected in lung samples on bronchoscopy, considering that bronchoscopy was invariably performed after empiric antibiotic administration, as is the universal practice 20 .
Radiological evaluation showed that the initial chest X-rays were normal in 21% of cases (data not shown), although they were abnormal in all the cases as ACS evolved in this group. Pleural effusions were seen in 76 (82.6%) of the cases on their chest X-ray and in 49 (53.3%) on their CT scan. Among these 76 cases, 12 (15.8%) had moderately severe effusions, while 64 (84.2%) had mild effusions. Multilobar atelectasis was observed in 60.8% and 90.2% of the cases on plain chest X-rays and CT scans, respectively. Not all patients had CT scans, as it is generally only requested in the most severe cases, which may explain the discrepancies in the findings between the two modalities.
Transfusions are often recommended for the treatment of ACS, and in a large American study 9 , transfusions were given in 75% of episodes; however, no controlled studies have been performed to evaluate the effect of transfusion on lung function and mortality. Additionally, transfusion is not devoid of serious side effects, including pulmonary oedema, blood-borne infections, and alloimmunization 23 . Nonetheless, simple and exchange transfusions are considered to be lifesaving in ACS patients as they improve oxygenation and reduce sickled RBCs and have other possible potential advantages. In our study, the majority of patients with ACS received simple (63% vs 20% in the control) and/or exchange transfusions (66.3% vs 10% in control).
A total of 16.3% of our patients needed NIV/mechanical ventilation, which is indicative of increased disease severity in these patients. Importantly, another study from our institution showed that 69.6% of all SCA patients admitted to intensive care had ACS 7 . It was also reported that the need for inotropic support and mechanical ventilation was a predictor of mortality in these patients 7 . Previously, mechanical ventilation was found to predict mortality and the increased utilization of hospital resources 18 .
This study has some shortcomings, including being retrospective, being from a single institution, and having a relatively small sample size. Large prospective studies are needed to validate the role of these risk factors to estimate their predictive value. Validating and confirming these findings may form the basis for creating a score for patients with VOC who are likely to develop ACS during their initial assessment at the time of admission.
conclusion
Our study demonstrated that high fever, reduced O 2 saturation, and asplenia were associated with a high probability for predicting ACS during VOC episodes. Additionally, a significant drop in Hb and leukocytosis were also important predictors for the development of ACS in this study. Pleural effusion on chest X-ray, multi-lobar consolidation on CT scans; NIV and simple/exchange transfusions indicated severity of ACS in the Omani patients in this retrospective chart review study.
